Health complaints, blood pressure, sleep and sickness absence experience were studied in 308 female electronics workers employed for at least one year on 12 h shifts -253 on permanent and 55 on rotating schedules. Seventy-five 8 h day workers acted as controls. There were no significant differences in symptom prevalence between the controls and 12 h shift workers, except for complaints of tiredness, with a higher proportion of the rotating shift group also having headaches. No significant differences in prevalence of hypertension were noted. Although subjects on the night shift had shorter sleep than controls and 12h day workers, only the group on rotating schedule had a higher proportion of workers who did not sleep well compared to the controls. Sickness absence was not increased in the 12 h shift groups when compared to the controls. The results indicate no serious health problems among workers on 12 h shift for over a year.
INTRODUCTION
It is estimated that there are over 200 000 shiftworkers in Singapore and more than 24000 work on 12 h shifts. Over 80 per cent of the 12 h shift workers are employed in the manufacturing sector, mainly in the electronics industry. More than 80 per cent are in production and related occupations and about two-thirds work on permanent schedules. Females form over half of the workforce on 12 h shift.
It is generally accepted that about 20 per cent of those who start shift work may find it difficult to continue in such work, usually for social rather than medical reasons 1 . For those who continue on shift work, no long-term health effects have been convincingly demonstrated 1 . While there have been a number of reported studies on the health effects of shift work 1 " 3 , relatively few have investigated 12 h shift workers 4 "*. The objective of the present study is to determine if there are any significant health problems among workers who have continued in 12 h shift work for a year or more and have apparently 'adapted' to such work.
METHODS
A cross-sectional study was conducted on 383 female production operators, aged between 20 and 40 years, from four large electronics factories (A-D). The work schedules of the production operators are shown in Table 1 .
Factory B worked three 8 h permanent shifts in the initial three years of its operation while factory C had an 8 h schedule in the initial 18 years with rotating morning and afternoon shifts and a permanent night shift.
All the study subjects worked in relatively quiet air-conditioned environments, doing essentially light or 'assembly line' work. For the 12 h shiftworkers, there was no difference in the type of work done at night and in the day. The conditions of service in the factories studied (viz. wages, shift and other allowances, meal and transport arrangements) were comparable. In addition to a half-hour meal break, all the factories provided two rest breaks of 15 min each in the case of the factories on 12 h shifts and 10 min each in factory A.
All four factories were located in easily accessible districts in the central part of the island. There were no significant changes in the working conditions or production schedules just before and during the study period chosen, including no unusual increase in overtime work.
Only local or permanently resident operators employed for one or more years in the company were included. Within the constraints of the number of subjects available during the study period, the ratio of Chinese, Malay and Indian workers was made comparable for all groups, both among the shift workers as well as controls. As far as possible, the subjects were matched by marital status (single versus married) as obtained from company records. Information on children for married workers was not available from these records.
All 383 subjects selected on the above basis were asked to complete a simple one-page self-administered questionnaire and their casual blood pressure taken. * Rotating between day and night schedules once every two weeks; ** number In parentheses indicates number of years on 12 h shift schedule; flor 12 h shift groups, the work days/days off arrangements In each two-week cycle are given; {local female production operators with one or more years in the company excluding supervisors and technical staff; D = day shift; N = night shift This was done immediately or soon after the start of the relevant shift, the subjects having worked at least two days/shifts in the week they were studied. Only one contact was made with each subject selected. Chinese and Malay versions of the questionnaire were used where preferred.
All subjects were told that they had been randomly selected for a general health survey and the questionnaire was to be completed anonymously. They were not informed that shift work was the subject of study. This approach was taken in order to minimize any bias in the responses of the subjects. Discreet arrangements were made to enable the observers to determine the identity of the subjects for the purpose of data analysis.
Sickness absence data (dates of medical leave excluding maternity and hospitalization leave) for three months, which included the survey period and the month immediately following it, were obtained from company records in respect of the subjects studied.
In analysing the data, Fisher's exact test was used to test differences in proportions while one-way analysis of variance and the unpaired t test, as appropriate 7 , were used to test differences between means. To analyse the relationship between dependent and independent variables, multiple regression analysis was applied. The Wilcoxon rank sum test was used for comparison of sickness absence data between groups.
RESULTS

Study subjects
Of the 75 controls, 15 (20 per cent) indicated that they left a previous job because of working hours. Subsequent analysis of blood pressure, sleep experience, symptom prevalence and sickness absence showed no significant differences between them and the other controls. The only exception was that they had more complaints of 'feeling very tired' (0.01 > P> 0.001). In view of this, in analysing differences in prevalence of tiredness, subjects who left a previous job because of 'working hours' were excluded.
As with the 8h day workers, between 5.1 and 17.8 per cent of the 12 h shift workers also left previous jobs because of working hours. It appears that they actually found 8 h work schedules unacceptable to them! These workers did not differ from other 12 h shift workers with regard to the various parameters studied. Table 2 shows the profiles of the subjects in terms of age, ethnic group, marital status and employment duration. The 12 h permanent night workers were older than the 12 h permanent day workers and the controls. The 12 h rotating shift workers were the youngest among the various groups and had a greater proportion of single people. Compared to the controls, a greater proportion of the 12 h permanent shift workers were married with older children.
Subjects from factory C had the shortest experience in 12 h shift work, although they had the longest shift work experience, averaging 7.5 years, some as long as 20 years. The rotating shift workers from factory D had an average of 4.2 years of shift work experience. Three of them had 12 to 13 years of prior 8 h shift work experience in another plant of the company which operated on rotating morning and afternoon shifts with a permanent night shift.
Blood pressure
There were no significant differences in the prevalence of hypertension between the 12 h shift workers and the controls {Table 3). The permanent night workers in factory B seemed to have higher systolic blood pressure than the controls, probably because they were older -32.8 as against 30.1 years (0.01 > P > 0.001). Age was significantly correlated with blood pressure (P < 0.001 for both systolic and diastolic pressures). There was no correlation between blood pressure and duration of employment in shift work.
Sleep experience
The 12 h shift workers had shorter total sleep duration than the controls, between 5.64 and 6.97 h as against 7.05 h (Table 4 ). Compared to their counterparts on day shift, the 12 h permanent night workers had shorter 'All children aged 6 years or older; "one or more children under six years of age; fduratlon of employment in relevant work schedule In factory (as obtained from company records). sleep. There were no significant differences in sleep length between the three groups of night workers. Despite the shorter sleep, the proportions of 12 h shift subjects who did not sleep well were not significantly higher than in the controls, except for the rotating shift workers. No significant differences were noted in the proportions of shift workers needing sleeping pills compared to controls.
Longer sleep length was associated with 'sleeping well' and the relationship reached significant levels in the case of the 12 h permanent night workers in factory B (0.05 > P > 0.01) and the 12 h permanent night and day workers in factory C (0.01 > P > 0.001 and 0.05 > P > 0.01 respectively).
Symptom prevalence
Except for the complaint of tiredness among the subjects from factory C and the rotating shift workers, no significant differences were noted between the 12 h shift workers and controls in prevalence of symptoms ( Table 5 ). The rotating shift group also had a higher proportion of workers complaining of headache compared to the controls and other 12 h shift workers.
Sickness absence
Sickness absence was not significantly increased in the 12 h shift workers compared to the controls in terms of (B) and (C) refer to factories B and C respectively.
•Reckoned in the previous 24 h period, inclusive of naps; "reckoned In the week of study; fpositive or significant if needed almost every week In the past few months. Significant differences In sleep length were noted: (a) across the seven work schedules [F = 10.69; P < 0.001); (b) between the controls and 12 h shift workers (P < 0.001 for both permanent night groups; 0.01 > P > 0.001 for the rotating night group; 0.05>P>0.01 for both the permanent day workers In factory C and rotating day group); (c) between the 12 h permanent shift workers on day and night shifts (P < 0.001 for factory B and 0.05 > P > 0.01 for factory C). Significant differences were noted between the controls and 12 h rotating shift workers in the proportions of subjects who did not sleep well (both 0.05 > P > 0.01). (54) 46.0 (50) (B) and (C) refer to factories B and C respectively.
•Symptoms considered positive or significant If occurring almost every week In the past few months; "for the complaint of tiredness, subjects who left previous Jobs because of working hours were excluded; the number analysed is given in brackets. Significant differences were noted between the controls and 12 h shift workers In factory C in prevalence of tiredness (0.01 > P> 0.001 for the day group and 0.05 > P > 0.01 for the night group). Significant differences were noted between the controls and 12 h rotating shift workers In prevalence of tiredness and headache (both 0.05 >P>0.01).
total days absence, all spells and one-day spells, expressed per 100 working days ( Table 6 ). In fact, the 12 h day group in factory B had significantly lower absence.
None of the parameters studied was influenced by ethnic group, marital status or duration of employment in shift work.
DISCUSSION
Many studies of shift workers seem to show that shift work has adverse effects on health, partly as a result of disturbances to sleep. However, these studies largely utilize subjective assessments of health. In fact, when using the single-blind approach, Dirken 8 found no excess gastrointestinal or nervous disorders in shift workers compared to non-shift workers.
The results of the present study, which used the same approach as in a previous survey on 8 h shift workers 3 , indicate no serious health problems in workers who continue in 12 h shift work for between one and six years. No correlation was found between duration of employment in 12 h shift work and the parameters studied. (B) and (C) refer to factories B and C respectively.
•Reckoned in three month period during and following study; "mean ± standard deviation, median and interquartile range (Q1-Q3) are given per 100 working days; f number of subjects with one or more spells given in brackets. Significant differences were noted between the controls and 12 h permanent day workers In factory B In total days absence, all spells and one-day spells per 100 working days (all 0.01 > P > 0.001).
The findings with regard to blood pressure and prevalence of hypertension in this study are comparable to previous local data 39 . It should be pointed out that, in addition to their exposure to 12 h shift work, some of the subjects (68.4 per cent in the case of factory C) had prior exposure to 8 h shift work of as long as 20 years. Thus, contrary to a common belief among local shift workers, shift work does not increase the risk of hypertension.
The sleep lengths of the 12 h shift workers were generally comparable with those reported elsewhere 3 ' 10 " 12 . In a study on newly recruited pupil assistant nurses 13 , 86 per cent indicated no sleep problems within the previous 30 days while 41 per cent never had sleep problems. The proportion taking sleeping pills was 1.1 per cent. These findings are consistent with those in our subjects. Surveys in other countries report prevalence of sleeping problems of between 22.2 per cent and 25 per cent, with 10 to 17 per cent using sleeping pills 13 . Thus, our subjects did not appear to suffer from serious sleep problems.
Despite the shorter sleep, particularly among the night shift groups, only the 12 h rotating shift workers slept significantly worse than the controls and had more complaints of tiredness and headache. The observation that permanent shift workers exhibit better adjustment of sleep than those on rotating schedules has been reported elsewhere 1114 ' 15 . The finding of an association between longer sleep length and 'sleeping well', albeit not a strong one, is in agreement with our previous data in 8 h shift workers 15 . The results with regard to symptom prevalence and sickness absence seem to indicate that 12 h shift work does not pose serious health problems even after six years.
While it is expected that sleep disturbances, together with the night time circadian minimum, would give rise to fatigue among shift workers 11 , it is interesting that the prevalence of tiredness among the subjects from factory B was not significantly higher than that in the control group. In fact, of the permanent 12 h shift workers, the subjects in factory B appeared to be better adapted, with fewer complaints of tiredness as well as lower sickness absence, even lower than in the controls. It is not clear if these differences were related to their longer experience in 12 h shift work, a relatively longer work days/days off arrangement and shorter (10 h) night shift compared to factory C. Sickness absence in our subjects was generally comparable with previous local data (Zee, personal communication) 3 . Our observations were consistent with those of Gardner and Dagnall 4 and Zee 5 . Both found sickness absence to be either not significantly affected or lower in 12 h shift workers compared to 8 h shift workers. Our findings with regard to one-day spells per person, which are thought to reflect morale 16 , would seem to indicate that morale is not a problem in 12 h shift workers.
It is widely recognized that sickness absence is not a reliable indicator of true morbidity since it is also influenced by factors unrelated to health 1 . Hence we found no clear correlation between sickness absence and symptom prevalence.
In Singapore, with the prevailing tight labour market situation, workers have considerable freedom in the choice of their jobs and working hours. Those who work shifts can request to switch to a different schedule if they need to for social or health reasons.
The subjects in this study were from large and well-established factories with good working conditions and facilities, enjoying relatively low personnel turnover. The reasons generally given for the success of their shift systems were emphasis on pre-employment selection, counselling and human relations.
This approach, in addition to other measures, e.g. adapting and improving shift schedules to minimize the disruptive effects of night work on sleep, rest periods, pre-employment and regular health examinations 17 ' 18 , will no doubt help to protect and promote the health of 12 h shift workers.
